Hepatocyte transplantation is emerging as an additional modality of treatment for patients with acute liver failure or liver-based metabolic disorders. The procedure requires isolation of high-quality hepatocytes from unused donor livers. Hepatocytes were isolated from 20 donor livers (11 right lobes, 3 left lateral segments, 6 whole livers) using a collagenase perfusion technique. Cell viability (median 56%, range 13-95%) and yield (median 1.4 × 10 9 cells, range 2.0 × 10 6 -1.8 × 10 10 cells) varied according to the tissue available. Fatty livers rejected for transplantation gave lower cell viability (median 45%, range 25-59%). There was a significant correlation between age of donor (median 21 years, range 7-66 years) and viability of isolated hepatocytes in vitro (r = −0.683, p = 0.001). The 13 segments of livers were from reduced/split grafts used for clinical transplantation in 9 children and 4 adults. There was no significant correlation between in vitro cell viability and clinical parameters including intensive care stay, serum aspartate aminotransferase, and international normalized ratio (in the first 7 days), and allograft rejection or other early posttransplant complications, in patients transplanted with the corresponding tissue.
INTRODUCTION
tive liver regenerates or to replace the missing enzyme function in metabolic conditions, theoretically avoiding Orthotopic liver transplantation (OLT) has become OLT or APOLT. Preliminary experience of HTx as bridge an established treatment for patients with severe acute to OLT in liver failure (11) and in Crigler-Najjar synand end-stage chronic liver disease. The technique indrome type I for long-term correction of the underlying volves removal of the entire native liver with transplanmetabolic deficiency (4) has been reported. tation of a high-quality graft. Another approach that has Cell isolation can be performed on livers that would been developed is auxiliary partial orthotopic liver transnot normally be used for clinical transplantation, such plantation (APOLT), where an extra liver graft is transas those that are severely steatotic, or have a long cold planted into the abdominal cavity in patients with acute ischemia time, and also the remnants of liver after use liver failure (1,7) and liver-based noncirrhotic metabolic of a reduced size or split liver graft. The level of viabildefects (8). This technique has potential advantages over ity and cellular activity of isolated hepatocytes used for conventional OLT as part of the native liver is left in HTx will depend on the quality of the original tissue, place and could be used in future for gene therapy for and this needs to be defined. metabolic indications, and also provides liver function Hepatocyte transplantation is being developed at while the native liver regenerates in some patients with King's College Hospital, London, for the treatment of acute liver failure (ALF). Despite advances in surgical children with inborn errors of liver metabolism and techniques to increase the donor pool by using split livers acute liver failure. As a major center for liver transplanor living-related donations, the shortage of donor livers tation, about 200 liver transplant operations are perand their timely availability continues to be a problem.
formed at King's per year. From this clinical activity, it Hepatocyte transplantation (HTx) has been investigated is estimated that each year there are 10-15 unused parts as an alternative treatment for these patients. The ratioof donor livers (split livers) or segments from reduced nale being either to provide liver support while the nagrafts or livers rejected for transplantation that will be 70 MITRY ET AL.
available for hepatocyte isolation. The initial experience in the intensive care unit, development of graft rejection, and complications or outcome in the immediate postop-of setting up human hepatocyte isolation from unused donor liver is reported. erative period.
MATERIALS AND METHODS

Statistical Analysis Materials
Results are expressed as median with range. The Hank's balanced salt solution (HBSS) and Eagle's Spearman rank test was used for correlation between paminimum essential medium (EMEM) from BioWhitrameters. taker (Berkshire, UK), EGTA and DNaseI (Sigma-Ald-RESULTS rich Company Ltd., Dorset, UK), collagenase P (Roche Diagnostics Ltd., East Sussex, UK), and sterile swabs/ Hepatocyte Isolation: In Vitro Data gauze (10 × 10 cm) type Topper 8 (Johnson & Johnson,
The median donor age was 21 years (range 7-66 Skipton, UK) were used. years), and there were 12 males and 8 females. The median cold ischemia time was 10.5 h (range 5.5-24 h).
Isolation of Hepatocytes and In Vitro Assessment
The median cell yield per isolation after purification was of Cell Viability 1.4 × 10 9 cells (range of 2.0 × 10 6 -1.8 × 10 10 cells). The From January 2000 to November 2001, hepatocytes median hepatocyte viability by trypan blue exclusion were isolated from unused donor livers using a collagenwas 56% (range 13-95%) ( Table 1) . The low viability ase perfusion technique according to Strom et al. (12) . result for donor tissue No. 17 (13%) was related to tech-All livers had been retrieved for clinical transplantation nical problems during hepatocyte isolation. The cannuby the donor organ retrieval team at King's College lae became displaced during the collagenase perfusion Hospital. Twenty isolation procedures were performed step, and flow was temporarily stopped while the cannuusing 11 right lobes, 3 left lateral segments, and 6 whole lae were replaced. Five of the livers rejected for clinical livers (Table 1) . All tissues were delivered to our laboratransplantation were severely steatotic (>50%) and gave tory flushed with University of Wisconsin (UW) solulower cell viability (median 45%, range 25-59%). The tion and maintained in UW on ice. Large vessels of the other two whole livers (No. 16 and 19) were rejected for liver tissue were cannulated using 1 to 4, 10-cm-long transplantation because of poor perfusion on retrieval cannulae (size 16, silicon-rubber tubing). Tissue was and these also gave poor viability. There was a statistifirst perfused (20-80 ml/min) with HBSS containing 0.5 cally significant difference in viability of cells isolated mM EGTA, then with HBSS, followed by EMEM confrom unused segments and from whole livers rejected taining collagenase P (400 mg/L) and DNaseI (50 µg/L).
for transplantation (p = 0.010). There was a significant All perfusion solutions and the liver tissue were mainnegative correlation between the age of the donor and tained at 37°C throughout the procedure. Once the tissue the viability of the isolated hepatocytes (r = −0.683, p was digested, the capsule was split open and the cell = 0.001) ( Fig. 1 ). There was no significant correlation suspension released was filtered through sterile gauze between cell viability and yield, or with cold ischemia and collected into a bottle containing ice-cold HBSS. time or perfusion rate of the liver. Hepatocytes were then purified by washing three times with ice-cold HBSS using slow speed centrifugation (50 Correlation Between Cell Viability and Early Function × g; 4°C; 5 min). The cell number and percent viability of the Corresponding Graft for each preparation were estimated using standard try-The 13 reduced/split livers were used for transplantapan blue exclusion and a hemacytometer. tion in 9 children and 4 adults ( Table 2 ). The indications Clinical Transplantation of Corresponding Liver Tissue for transplantation in children were biliary atresia in six, Crigler-Najjar type I in two (auxiliary grafts), and hem-Thirteen of the 20 liver lobes/segments were used for cell isolation and the rest of the tissue was used for clini-angioendothelioma in one. Three adult recipients had acute liver failure (two with auxiliary grafts) and one cal transplantation as reduced/split or auxiliary grafts (Table 2) . For these livers, the relationship between in had primary biliary cirrhosis. One recipient (No. 1) died intraoperatively and another (No. 8) developed chronic vitro cell viability after cell isolation to the early corresponding graft function following transplantation in the rejection, which necessitated retransplantation 6 months later. Overall, there were no statistically significant cor-patient was determined. The parameters analyzed included cold ischemia time of the donor liver, warm is-relations between in vitro cell viability values and warm ischemia at the time of orthotopic liver transplantation, chemia time during transplantation, operative blood loss, serum aspartate aminotransferase (AST), international operative blood loss, serum AST or INR (in first 7 days), stay in intensive care, development of allograft rejection, normalized ratio (INR) in the first 7 days, length of stay appeared to be satisfactory, as was reported by Hewitt DISCUSSION et al., but it was difficult to purify the fat-containing cells by centrifugation (5). Fatty livers are less tolerant We have set up isolation of hepatocytes from unused donor livers and livers rejected for clinical transplanta-to ischemic injury resulting in necrosis (10). Inflammatory cytokines associated with liver injury, particularly tion. The results obtained in this study represent our early experience in hepatocyte isolation. From the 20 TNF-α, are activated in fatty livers (14) and the microcirculation is impaired, making these livers more sus-livers perfused, there was a wide range of cell viability and cell yield, which could have been due to a number ceptible to damage during isolation (9). Fatty livers are more sensitive to lipopolysaccharide (15) , and it is pos-of reasons. The most likely is the quality of the tissue used to isolate the cells, which itself is dependent on sible that small amounts of bacterial products in the collagenase used could have had more adverse effects in many factors both in the donor and during the retrieval process. As might be expected, the significantly higher these livers. Modifications to the isolation and purification procedure are required to improve the quality of hepatocyte viability was obtained from the livers where the other part was used for clinical transplantation com-cells from fatty livers. This is of particular importance, as this is a common reason for rejection of livers for pared to those rejected for transplantation. The only correlation found between viability of the hepatocytes after transplantation and represents a large potential source of cells that could be available for hepatocyte transplanta-isolation and donor parameters of the livers used was with the age of the donor (Fig. 1) . Younger donors gave tion. The other livers were rejected for transplantation on grounds of poor perfusion on retrieval, and these gave better in vitro viability as these cells tend to be less polypoid and have greater regenerative potential (13) . The very poor viability on cell isolation, probably reflecting preexisting ischemia reperfusion injury. One method to efficiency of tissue perfusion and the batch-to-batch variability in collagenase activity are also reported to be improve the quality of the isolated hepatocytes is to use Percoll  centrifugation to isolate viable cells (2, 6) . Though important in the extent of issue digestion (3), which may have combined to the range of cell yield values obtained not reported in this study, this was subsequently tried with some of the lower viability cell preparations, but (Table 1) .
Lower viability was obtained from the whole livers was found to be of limited benefit with cells from fatty livers. There is also a question as to whether Percoll  is that had been rejected for transplantation, mainly due to acceptable for hepatocytes to be used in clinical trans-ing on the quality of tissue used. Further research is necessary to try to improve the quality of the cells produced plantation, together with the problem of handling the large quantities required. from rejected livers so they are suitable for hepatocyte transplantation. From our preliminary experience of hepatocyte isolation it would be helpful to develop rapid tests to assess There was no significant relationship between the 2014-2015; 1999. level of viability of the isolated hepatocytes in vitro and
